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RESEKRCHMEMORANDUM
AERODYNAMICCHARACTERISTICSOFA 60°DELTAWING
HKU?-DELTATIPCONTROLAT A MACHNUMBEROF
By EdwardF. UlmannandIbedM. Wth
An investigationhas beenconductedintheLangley
EWINGA
k.04
9- by 9-inchI&ch
number4.blowdownjettodeterminetheaerodynamiccha&cteristicsofa
60°deltawingwitha half-deltatipcontrolat a Machnumberof4.04and ~
a Reynoldsnuniberof5.8x 105,basedonthewingmeanaerodynamicchord.
Theresultsoftheinvestigationwerecomparedwiththepredictionsof
lineartheorysndthetwo-dimensionalshock-expansiontheory.Thetwo-
dimensionalshock-expansiontheorygaveimprovedpredictionsofthelift
androllcharacteristics,butgavelessaccuratepredictionsofthehi.nge-
momentparameters. Thehinge-linelocationofthesetests(59.6-percent
controlrootchord)resultedin stablevariationsofthehinge-moment
coefficientwithcontmoldeflectionandangleofattack,exceptforan
angleofattackof12°forcontroldeflectionsfrom0°to -6o. A com-
parisonwasmadeoftherollingeffectivenessofthetestconfiguration
withthatofa rectmgularwinghavingthesamespananda 30-percent-
chordtrailing-edgeflap. Thecomparisonshowedthattheincreased
effactivenessofthetipcontroloverthefull-spantrai13q-edgecontrol,
whichhasbeenobservedat lowersupersonicl&chnumbers,is alsopresent
at a Machnumberof4.
INI!RODUCTION
Numeroustestsoftipcontiolsondeltawhgs attransonicandlow
supersonicspeedshaveshownthatsuchconfigurationsprovidesatisfactory
rolling+nomenteffactiveness,andthatthehingemomentscan‘becontrolled
by properlocationofthehingeline(ref.1).
,Thepurposeofthepresentestsisto determinetheC7wacteristics
of sucha configurationat a Machnuniberof4.04anda Reynoldsnuniber
of 5.8x 106,basedonthewingmeanaeraiynamicchord.Thewingand
controlplanform,locationoftheIdngeline,smdratioofthecontrol
tothewingareaarethesameasthoseof oneofthewingstestedata
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tichnu&r of1.61(ref.1). me airfoil.sectionisdifferent,however,
b thatithasa sharpleadingedgeinsteadoftherouadedleadingedge
testedata Wch numberof1.61. Thesharpleading-edges ctionwas ~
consideredtobe ofmoretiterestsinceinreference2 itwasshownthat
at a Machnuniberof4.~ thewingwiththissectionhad30percentlower
minimumdragand22percenthighermaximumW-drag ratiothanthesame
wbg withtheroundedleading-edges ction.Thes
T
leading-edgewing
andcontrolwerealsotestedata Wh nwiberof6.9 ref.3),butmly
thecontrolhinge-momentcharacteristicswereobtained.
Lift,drag,pitching-moment,rollinn-moment,andhinge-manent
coefficientsarepresentedforthetestconfigurationthroughu angle-
of-attackrangefrom0°to 1.2°anda control-deflectionrangefrom
approximate=-160to 140.
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APPARATUSANDmm
Thetests wereconductedintheLangley9-
/
by 9-inchMachnmber k
blowdownjet. A descriptionfthejetalongwitha test-sectionflow
calibrationispresentedb reference4. Thesettling-chamberpressure,
whichwascontrolledby a pressure-regulatingvalveandwasconttiuously
recordeduringeachrun,wasapproxhnately185Sb/sqin.abs. The
settltng-chambert mperatewasalsocontinuouslyrecordeduringeach
run. An externalside-wall+nountedstrain-gagebalancewasusedtomeas-
urethenormalforce,chordforce,pitchingmoment,sndrollingmomentof
themodel.A strain-gageb ammountedonthewingsupport(fig.1)was
usedtomeasurethecontrolbingemcnnent.Schematicdiagrsmshowing
thewingmouatingandtest-sectionrientationareshowninfigures1
and2.
TheReynoldsnumberforthetestswas5.8x 106, basedonthewhg
meanaerodynamicchord.13ecauseofthebalanceWtations, theangle-
of-attackrsmgewasheldto 0°to 12°andthecontrol~eflectionrange
wasa~roxbnate~-16°to 14°. Thetestsweremadeathumiditiesbelow
5 x 104 poundsof watervapor~er Poundof dry air; suchhumiditiesare
believedtobe lowenoughto elindnatewater-condensationeffects.The
test-sectionstatictemperatureandpressuredidnotreachthepoint
whereliquefactionfairwouldoccur.
.,
— — ——.—
NACARML55A19 5
MODEL
Themcdel(fig.3) consisted ofa steelsemispamwingofdeltaplan
formwitha 600sweptbackleadingedge,anaspectratioof2.31,anda
symmetricalmodifiedhexagonalsection3 percenthickattheroot. The
sectionconsistedofa wedge-shapedleadingedge,a parallel-sidedmid-
section,anda half-bluntwedge-shapedtra~n edge.Thewingwasof
constanthiclmessouttothe56.3-percent-semispsmtation.Thearea
beyondthe56.3-Percent-semisPant tionformedthehalf-deltacontrol
surface.Thecontrolhadan areaequalto 19percentofthewingarea.
A gapof0.W2 to O.(XI5inchwasprovidedforclearancebetweencontrol
surfaceandwhg. T!&control-surfacehingeWe waslocatedat 59.6per-
centofthecontrolrootchord.
PRECISIONOFDATA
The uncertaintiesinvolvedinmeasuringtheangles,forces,and
mcmentsjandindeterminingtheaercd.ynamiccoefficientshavebeeneval.
uated.Theprobableuncertaintiesarelistedasfollows:
a,deg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~.1
8,deg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~o.1
%J *””””””””””””””””=***=** •***.**~.~5’
% * * * * * * . * * * . ****.*... l**** . ..*% *001O1
%“””*” *~**.**=*.*****.* l. . . . . . ..to.ool
c~. . . . l . . l . . . . . . . . . . . . . . . . . . . . . . .*O.003
Ch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .tO.003
TEDDRETICALMETHODS
TheWE%, rolddng+mxnent,amdhlnge+ncmentparametersofthewing
andcontrolwereesthat~by Wear theory(refs.5 and6)andbythe
two~imensionalshock-qansiontheory.Thelattermethod,whichis
basedonconsiderationsofthesimilarityoftheflowsoverdeltawings
withandwithouthictiess,hasbeenshowntogivegocdpredictionsof
thelift-curveslopesofthewingusedinthisinvestigationandofother
shsrpleading-edge-sectiondeltawingswithattachedleading-edgeshocks
(ref.7). Thepredictionsofthemethciihavealsobeenccmparedwith
experimentalhimgeamnentslopesobtainedata Machnumberof6.9onthe
controlusedinthisinvestigationandononeothertipcontrol(ref.3).
Itwasfoundthat,atalkch nuniberof6.9,theshock-expansiontheory
generallygavebetterpredictionsthanthelineartheory.
.— . . . . —— ——.—— -. — -- -—-. .-—-——
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Thetheoretical
ptiedintwopsrts:
dragwasobtainedby
PIessure computedby
dragcoefficientofthewingat zeroliftwascom-
pressuredragandskin-frictiondrag. Thepressure
integrathgthechordwisecomponentsofthesurface
thetwo-dimensionalshock-expansiontheoryandby
‘ticludingh theintegrationa experimentalbase-pressurecoefficient
fromreference8. Thismethcdfollowsfromtheanalysisofreference7,
whichshowedthatthepressure- coefficientsofthindotile-wedge-
sectiondeltawingswithattachaileading-edgeshockswereclosely
appro~ted by theshock-eqmnsiontwodimensionaldragofthewhg
sections.
Theskin-frictiondragwasestimatedbyusingVanDriest’stheoret.
icalvaluesofl~inarandturbulentskin-frictioncoefficients(refs.9
andMl)anda transitionpointobtainedfromboundary-layervisualization
testsofthewing.
Theexperimentaldragcoefficientsarecomparedwiththeoretical
dragcoefficientscomputedontheassumptionsthatthereisnoVariatim
of chordforcewithangleofattackandthatthedragdueto liftis equal
tothestreazmdsecomponentoftheoreticalshock-eqansionnormalforce.
Theseasswptionshavebeenjustifiedby testsoflow-aspect-rationings
at supersonicspeeds(refs.7 andJl).
Thechordwiseandspanwisecentersofpressureofthewing-cmrtrol
conibinationnear a = 00a,ndb. 0° wereobtainedbyline= theory
andby thetwo-dimensionalshock-eqansiontheory.As a firstapproxi-
mationofthecenter-of-pressurelocationsathigheranglesofattack
andcontroldeflections,thegapeffectsbetweenthewingandcontrol
wereconsiderednegli“ble,andtwo-dimensionalloadingproportimalto
Tthetotaldeflectiona+ 5)wasassumedto applyindependentlyto the
wingandthecontrol.
RESULTSANDDISCUSSION
Thebasicaerodynamicdataforthetestconfigurationarepresented
as functionsofliftcoefficient,controldeflection,andangleofattack
infigures4 to 7. Figures8 and9 presenta comparisonoftherollimg
effectivenessofthecontroltestedwiththerol~g effectivenessofa
fldl-spsn~-percent-chordtrailing-edgeflaponanaspect-ratio-l.33
rectangubr-ph-formwing(ref.12).
-- .
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EffectsofChangesinAngleofAttacksmdControlDeflection
Changesinangleofattackor controldeflectionpraiuceapproxi-
matelyltiearchangesh liftcoefficient,pitching+nomentcoefficient,
sd ro~ing+manentcoefficient(figs.4, 5,and6). me dragcurves
havetheusualparabolicshapewiththemtnimumdragandthe~
lift-dragratiooccurr~ at a controldeflectionof0°,asndghtbe
expected(figs.4(a)and4(b)).Variationsofthehinge-momentcoeffi-
cientwithchangesinangleofattackorcontroldeflectionwe approxi-
matelylinearuntiltheangleofattackexceedsabout4° (fig.5). Tests
of configurationshavingthesamewingandcontrolplanformandratioof
thecontroltothewingareaathh nunibersof6.9and1.61(refs.3
and13)showapproximtel.ythesametrends.It shouldbe notedthatthe
wingtestedata l&chtier of1.61hada slightlydifferentairfoil
section.Thenonlhearitiesinhingemomentarecausedby s~s ofthe
centerofpressureofthecontrolnormalforce,sincethevariationsof
wingliftwithangleofattackandcontroldeflectionareapproxbmtely
linear.
Thedata showa stablevariationofhingemomentwith control deflec-
tion, exceptat 12°angleofattackbetweencontroldeflectionsof -6°
and00. Thehinge-momentvariationwithangleofattackforconstant
controldeflectionsi stablethroughotithetests.Thetestsata Mch
nuuiberof1.61(ref.13)showapproximatelythesameregionsofstable
andunstablehinge+mnentvariationasthepresentests.Reference3,
whichreportstestsonthisconfigurationat a Mch nmiberof6.9,shows
stablehinge+mmentvariationsthroughotitherangeofthetests,but
doesnotpresenthinge+mmentvariationwithcontroldeflectionfor
anglesofattackgreaterthan80.
ComparisonofExpertientalResultsWithTheoreticalPredictions
Thewing-liftandroll@g-momentslopeparameters,aspredictedby
lineartheory,werelowineverycase,as shownintable1. Theshock-
expansiontheory,however,gaveimprovedpredictionsofwingliftdueto
angleofattack,liftdueto controldeflection,androllingmomentdue
to controldeflection.Thedifferencesbetweenexperimentalresultsand
theoreticalpredictionswerereducedfrom13percento 5 percentfor
cLa, from
centfor
theory.
27percento 15percentfor % ,and
%5 by theuseofthe‘shock-qansion
fromlJpercento 3 per-
theoryinsteadoflinear
Theminimumdrag ofthewingwasfairlywellpredictedbytheory,
as shownh figure4(a). Thedragdueto liftat zerocontroldeflec-
tionwaswellpredictedby thesimpleresoltiionofthenormalandchord
. — . .. ——.- ——- .-—- ——-----—
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forces,alsoshowninfigurek(a). ‘llhefactthatthedragduetolift
at constantsingleofattackwassomewhatunderesthatedatthehigher
controldeflections( eealsofig.6(b) indicatedthatconsiderable
dragishducedby theflowthroughthegapbetweenthewingandcontrol.
Flowseparationovertheuppersurfaceofthecontrol,althoughlikely
tobepresentathightotalcontroldeflections,wouldnotincreasebut
wouldactuallyreducethedrag. Thepredictedmaximumlifhiragratio
(fig.4(b) forzerocontroldeflectionwasXl.percenthigherthanthe
“ experimental.value,whichisnotsurprisingsincethepredictedragwas
lowerthanexperimentaldrag.
Near0° angleofattackandcontroldeflection,lineartheorypre-
dictsthechordwisecenter-of-pressurelocationtobe 66.7percentof
therootchordfromthewingapex. Theexperimentalchordwisecenter-of-
pressurelocation~CN wasfoundtobe approximately66percentof
wingrootchordfromtheapex. Thechordtisecenter-of-pressurelocation
waspredictedmoreaccuratelyb lineartheorythanby theshock-expansion
theory,whichgavea valueof64.3percentofrootchord.Alsonear0°
angleofattackandcontroldeflection,thelineartheorypredictsthe
spsawisecenter-of-pressurelocationofthewingtobe 35.4percentwing
semispanfromtherootchord,andtheshock-expansiontheorygivesa
predictedvalueof34.3percent.Theexperimentalspanwisecenter-of-
pressurelocationwasfoundtobe appro~tely 38percentwingsemispan
fromtherootchord.Predictionsofcenter-of-pressurelocationsat
anglesofattackandcontroldeflectionsotherthanOOwereusually
witlrln5 percentofthewingrootchordorwingsemispanoftheexperi-
mentalresults,as showninfigure7. An exceptiontothisisthe
a= 0° curvewhichshowslargedisagreementbetweentheexperimental.
andtheoreticalvaluesofspanwisecenterofpressureatthelowcontrol
deflections.Exceptforthelowforcesinvolved,thereisno apparent
reasonforthisdisagreement.
Thecontrolhinge-momentparameters
c% w c% ‘e ‘aewbt
moreaccuratelypredictedby lineartheorythanby shock~xpansiontwo-
dhnensionaltheory,especiallyb thecaseof C% (tableI). me
reasonsforthiscannotbe determinedfrcmthepresentdatasincemeas-
urementsofthecontrolnormalforcewerenotmade,and,therefore,the
centerofpressureofthecontrolnormalforcecouldnotbe obtained.
It isrealized,ofcourse,thattheuseofthetwodimensionalshock-
expansiontheorytopredictC snd C%% forthisconfigurationat
a Machnuniberof4.0ismorelikelyto givepoorpredictionsthanat a
Machnumberof6.9,whereitgavegoodpredictions(ref.3),becauseof
thelargerareati-three-dimensionalflow
Machnumber.
overthecontrol”atthelower
JQkx#@===%.... .<
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Compm?isonof theRollingEffectivenessoftheTestConfiguration
9
WithThatofa RectangukrWingHaving”aFuJl*an
!lhiling-IklgeFlapControl
Therollingeffectivenesspb/2Vbforthetestconfigurationand
theconfigurationofreference12,whichhavethesamewingspan,was
comptiedby usingtheeqerimentalvalueof %6 andtheoreticalvalues
ofthedamping-in-rollcoefficientCz fromreference14andisgiven
P
tithefollowingtable:
Configuratim Ctb
C?P @/2v ‘
wing plan fom Ty-peof contiol (expertien&@(theoretical,~ref.14)
,. Delta Half4eltatip
-0.00066 a.o@ o.o08j3
Rectangu&m 30-percent-chord
-.00044 -.U?45 *0035
trailing-edge
f lap
Althoughtheratioofcontroltowhg areaforthedeltaconfigura-
tionis only63percentofthatoftherectangularconfigurationwith
trailing-edgeflap,thedeltaconfigurationproduces~ percentmore
rollingmcmentaudhasabout125percent~eaterrol13ngeffectiveness.
Tworeasonsforthe@roved effectivenessofthedeltawingandcontrol
overtherectangdsrwingandflaparethatthetipcontrolareaismore
favorablylocated,andthedeltawinghasmuchlowerdampinginroll.
‘2bisimprovedeffactivenesshasbeendemonstratedby manyinvestigations
at lowersupersonicMachnuuibers.
Forthesamew3ng-tiphelixanglepb/2V,thefull-spanrec~
flapproducesapprodmatelylx percentasmuchincrementaldragasthe
tipcontrolat ~ anglesofattack(fig.8).
A furthercomparisonofthetestwingandthewingofreference12
isshowninfigure9. Theparameterplottedistheratioofroti-
mment slope to hinge~ent slopeforeachwing. A
catesgocilrollingcharacteristicsfora givenlxhge
smallnuder indicatespoorrohg characteristics.
LargenumberXdi-
manent,whereasa
It canbe seen
. _____ ......_ ..— ..— —.. . ..... —-— -.. .— —,.—.-—— — -—-— ,.- .—. — -— .— —....- .— - — — —-
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thatthevalueforthetestwingis
valueforthewingof
An investigation
number4 blowdownjet
600deltaw@g witha
reference12.
from4 to 7 timesgreaterthanthe
CONCLUDINGREMARKS
hasbeenconductedinthelkngley9-by 9-inchlkch
to determinetheaeraiynamiccharacteristicsofa
=-de}ta tipcontrolatallachnuuiberof4.04 and
a Reynoldsnumberof5.8x lob,basedonthewingmeanaerodynamicchord.
Theresultsoftheinvestigationwerecomparedwiththepredictions.of
lineartheory@ thetwo-dimensionalshock~ iontheory.Thetwo-
dimensionalshock-expansiontheorygaveimprovedpred.i.ctionsofthelift
androllcharacteristics,butgavelessaccuratepredictionsofthehinge-
momentparsmeters. T& hinge-we locationofthesetests(59.6-percent
controlrootchor~)resultedin stablevariationsofthehinge-moment
coefficientwithcontioldeflectionandangleofattack,exceptforan
angleofattackof12°forcontroldeflectionsfromOOto -6°. A com-
parisonwasmadeoftherollingeffectimnessofthetestconfiguration
withthatofa rectmgularwinghavingthesamespananda 30-percent-
chordtrailbg-edgeflap. Thecomparisonshowedthattheincreased
effectivenessof*hetipcontroloverthefull-spantrailing-edgecontrol,
whichhasbeenobservedat lowersupersonicI&chnuabersjisalsopresent
at a Machnmber of4.
Ls@leyAeronauticalLaboratory,
NationalAdvisoryCcmmitieefm Aeronautics,
Lang.l.eyField,Vs.,Jtiuary11,1955.
.——— —.
NACARML55A19 U
REFERENCES
1.
2.
3.
4.
,
5.
6.
7*
8.
9*
10l
U.
.
Lord,~O@EIS R.,andCzsrnecki,K. R.:
ofSeveralTipControlsona 60°Delta
WCQ w L5kE25,1954.
~j Ro~ertW.j ~ ~thj FredM.:
of TwoDelta WingsandTwoTrapezoidal
NACARI L5~30a, 1953.
AeralynanicCharacteristics
Wingat a l.kchNumberof1.61.
AerodynamicCharacteristics
WingsatlkchNuniber4.04.
Fetterman,DavidE.,andRidyard,_#IerbertW.: TheEffectofa Change
inAirfoilSectionontheHinge-momentCharacteristicsofa HaM-
Delk TipControlWitha 600SweepAngleata MachNMber of6.9.
NACARML~H16a,1954.
Ulmann,EdwardF., amdLord, DouglasR.: AnInvestigation of Flow
Characteristics at MachNumber4.o4 over 6- and9-Percent-Thick
SymmetricalCircular~c AirfoilsHaving30-Percent=rdTmiling-
Ei@eFlaps.NACARML51D30,1951.
Tucker,WarrenA.,andNelson,RobertL.: TheoreticalCharacteristics
inSupersonicFlowofTwo~es ofControlSurfacesonl?rian@Lar
wings. NACARep.939,1949. (SupersedesNACA‘IN’s1600& 160~by
Tuckerand‘IN166oby Tucker&Nelson.)
Kkl_ner,JulianH.,andKing,MaryDowd: TheTheoreticalCharacter-
isticsof‘l?riangular-MpControlSurfacesat SupersonicSpeeds.
Mch LinesBeh3nd‘lrailingEklges.NACA‘IN2715,1952.
Ulmann,EdwardF.,andBertram,MitchelH.: AerodynamicCharacter-
isticsofLow-Aspect-RatioW ngsatHighSupersonicl@chNumbers.
NACARML53123,1953.
Klunker,E.B.jandHarder,KeithC.: ComparisonofSupersonic
Mim3mum-DragAirfoilsDeterminedby LtiearandNonlinearTheory.
NACA‘IN2623,1952.
VanDriest,E.R.: InvestigationfLamharBoundaryLayerinCom-
pressibleFluidsUsingtheCroccoMethcd.NACATN2597,1952.
VanDriest,E.R.: TheTurbulentBoundaqIayerforCompressible
Fluidsona FlatPlateWithHeatTransfer.Rep. No.AL-997,North
AmericanAviation, Inc., Jan. 27, 1950.
Hall, CharlesF.: Lift, Dra& andPitching
Wingsat Subsonicand SupersonicSpeeds.
MomentofLow-Aspect-Ratio
NACARMA53A30,1953.
----- .. ..— — . ..— ---— —. -—--- --— .-— —————— .—.— —--——-——
I-2 NACARML55A.19
12.Dumning,RobertW.,andUlmamn,Edward.F : AerodynamicCharacters.
ticsatlhchNumber4.04 ofa Rectan@brWingofAspectRatio1.33
I@_@ a 6-percent-~ck Circular-ArcProfileanda 30-Percent-
ChordFull-E@anl!railing-EdgeFlap. NACARML53D03,1953.
13. Czatnecki,K. R.,andLord, DOU@AS R.: Hinge-MomentCharacteristics
forSeveralTipControlsona 60°SweptbackDeltaWingatMachNum-
ber1.61.I?ACAML55K28, 1953.
14..Harmon,Sy&q M.,andJeffreys,Isabella:TheoreticalLiftand
DaqinginRollofThinWingsWithArbitrarySweepandTaperat
SupersonicSpeeds- SupersonicLeadingand‘XkailingEdges.NACA
m 2U4, 1950.
—..— —-. .-—
NACARML55A19
TABLEI.-WINGANDCONllROLPARAMETERS
13
Pammeter Lineartheory
0.0178
.0033
-0m59
-.w29
-.03354
Shock-expansiontheory
0.0194
.0038
-.00068
-.Cm6
-.0016
Experimentalvalue
0.0205
.(M45
-. CKI066
-.0023
-.0037
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Figure 9.- Ccraparisonof ratios of rolling-manent slope to hinge-moment
slops of a half-delta tip control and a full-span rectangular traillng-
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